The increasingly common practice in high-income countries to delay childbearing to the fourth and fifth decades of life increases the risk of involuntary childlessness or having fewer children than desired. Older age also increases the risk of age-related infertility, the need for ART to conceive, and obstetric and neonatal complications. Existing research relating to childbearing focusses almost exclusively on women, and in public discourse declining fertility rates are often assumed to be the result of women delaying childbearing to pursue other life goals such as a career and travel. However, evidence suggests that the lack of a partner or a partner willing to commit to parenthood is the main reason for later childbearing.
The increasingly common practice in high-income countries to delay childbearing to the fourth and fifth decades of life increases the risk of involuntary childlessness or having fewer children than desired. Older age also increases the risk of age-related infertility, the need for ART to conceive, and obstetric and neonatal complications. Existing research relating to childbearing focusses almost exclusively on women, and in public discourse declining fertility rates are often assumed to be the result of women delaying childbearing to pursue other life goals such as a career and travel. However, evidence suggests that the lack of a partner or a partner willing to commit to parenthood is the main reason for later childbearing.
OBJECTIVE AND RATIONALE:
To better understand men's contributions to childbearing decisions and outcomes, the literature pertaining to men's fertility-related knowledge, attitudes and behaviours was reviewed.
SEARCH METHODS:
The electronic databases of Medline, Embase and PsycINFO were searched to identify investigations of men's knowledge, attitudes and behaviours relating to fertility, infertility, reproductive health or childbearing using relevant fertility keyword search terms. Studies were included if they had investigated factors associated with men's fertility-related knowledge, attitudes and
Introduction
Most people want and expect to have children. However, the fertility rate in many high-income countries is below the 2.1 babies per woman required for population replacement (Schmidt et al., 2012) . One of the reasons for lower fertility rates is that parental age at first birth has increased significantly in high-income countries since the 1970s (Schmidt et al., 2012) . Many factors contribute to this including access to effective contraception and safe abortion, social changes such as women's increased education and labour market participation, and postponement of partnership formation. Structural factors including the increased cost of housing and economic uncertainty, and the absence of supportive family policies such as paid maternity leave, flexible working arrangements, access to good quality, and affordable childcare and job security also influence timing of childbearing (Mills et al., 2011) .
Some potentially modifiable factors, including parental obesity and smoking, and older parental age are associated with reduced fertility and increased risk of pregnancy and neonatal complications (Schmidt et al., 2012; Lane et al., 2014) . The costs of these for the individual and the health care system are significant. Furthermore, the demographic age shift towards later conception is accompanied by an increasing proportion of the population using ART to conceive because they experience difficulties in achieving their parenthood goals (de Graaff et al., 2011) . The cost to society of a low fertility rate, the personal and psychological costs associated with preventable age-related infertility and its treatment, and the financial costs of ART to the individual and the health care system are substantial.
Contrary to the common stereotype that parenthood is more important for women than for men, men appear to desire parenthood as much as women do, and research shows that men who remain childless have poorer long-term mental health than men who become fathers (Fisher et al., 2010) . Furthermore, the limited available evidence about men's experiences of involuntary childlessness indicates that this can cause long-term grief, reduce quality of life and be associated with feelings of loss, depression, exclusion, isolation and risk-taking behaviour (Hadley and Hanley, 2011; Fisher and Hammarberg, 2012; Wischmann and Thorn, 2013) .
Existing research relating to childbearing focusses almost exclusively on women, and in public discourse declining fertility rates are often assumed to be the result of women delaying childbearing to pursue other life goals such as a career and travel. However, research among people in clinical and community settings indicates that the lack of a partner or one willing to commit to parenthood is the main reason why women postpone childbearing (Hammarberg and Clarke, 2005; Holton et al., 2011) . In addition, a recent survey of women who had stored oocytes for non-medical reasons found that the predominant reason for this was their difficulty in finding a man who was willing to commit to partnership and parenthood (Pritchard et al., 2017) . Yet, childbearing and parenting are shared endeavours. Therefore, understanding men's perceptions of their role in childbearing decision-making is crucial to inform fertility-and familyrelated social policy and health promotion as well as public education initiatives to help women and men achieve their parenthood goals, and reduce the need for and costs associated with ART.
The aim of this review was to summarize existing evidence about men's fertility-related knowledge, attitudes and behaviours to establish comprehensive theoretical explanations of fertility decisionmaking which include men's perspectives and experiences.
education', 'health literacy', 'awareness') OR attitude ('health attitudes', 'beliefs', 'perceptions', 'perspectives', 'intentions', 'preferences') OR behaviour keyword search terms ('health practice', 'health behaviour', 'decision making', 'help seeking'). Keywords were matched to the database-specific indexing terms for each database and search restrictions were applied to include only those studies with human male participants.
Inclusion and exclusion criteria
Studies were included if they: had investigated factors associated with men's fertility-related knowledge, attitudes and behaviours (as defined above); had been conducted in a high-income country (based on the World Bank's classification of national incomes) (The World Bank, 2013) and were published in an English language peer-reviewed journal between January 2005 and August 2016. Studies were excluded if the primary focus was on women, data from male respondents were not disaggregated from data from female respondents, they targeted health professionals, they related to fertility after cancer treatment, they targeted gay men or infertile men or they related to contraception or infertility treatment.
Studies were grouped according to whether the findings related to knowledge, attitudes or behaviours and study findings were synthesized by group. Some studies included findings that related to more than one group and these were included in the evidence synthesis for each respective group.
Results

Search results
The search flowchart is shown in Figure 1 and this strategy yielded 1349 citations. Titles of all identified papers were reviewed by one researcher (K.Y.) to remove duplicates and those which were clearly not eligible. After removal of duplicates and a further removal of 915 articles based on title review, two researchers (K.H. and C.H.) reviewed the remaining article titles and abstracts independently, with 90% agreement on relevance and study eligibility: consensus was reached for discordant reviews. Hand searching of references cited in retrieved articles resulted in the identification of an additional 17 eligible studies that were not found in the original database search. Three researchers assessed 74 full-text articles (K.H., C.H. and V.C.) of which 47 articles, representing 43 separate studies, were included in the review.
Methodological aspects of included studies
Methodological aspects of the studies are summarized in Table I .
Study location and design
Of the 47 articles included in the review, 33 reported studies conducted in just five countries (USA, Canada, Sweden, Australia and Finland). For the remaining 14 articles, three were from the UK (Langdridge et al., 2005; Jamieson et al., 2010; Iacovou and Taveres, 2011) , two from Japan (Maeda et al., 2015; Morita et al., 2016) , seven reported studies conducted in seven separate countries (Hong Kong (Chan et al., 2015) , Israel (Hashiloni-Dolev et al., 2011) , Netherlands (Liefbroer, 2009) , Germany (Meissner et al., 2016) , Austria (Nouri et al., 2014) , Italy (Rovei et al., 2010) and Denmark (Sylvest et al., 2014) ), and two were multinational studies (Puur et al., 2008; Bunting et al., 2013) . Of the 43 unique studies, nearly all (n = 42) were observational; only one was an intervention study (Daniluk and Koert, 2015) . Most studies were cross-sectional (n = 33) or longitudinal (n = 6) quantitative surveys with data collected via selfadministered questionnaire or interview, and four were qualitative investigations where participants were interviewed (Singleton, 2005; Deslauriers, 2011; Thompson et al., 2013; Sylvest et al., 2014) .
Measures and instruments
The review identified three validated instruments specifically designed for assessing fertility knowledge and awareness, used across nine studies (10 articles): the Cardiff Fertility Knowledge Scale (CFKS) (Bunting et al., 2013 , Maeda et al., 2015 (translated into Japanese); the Fertility Awareness Survey (FAS) , 2015 ; and the Swedish Fertility Awareness Questionnaire (SFAQ) Skoog et al., 2006; Ekelin et al., 2012; Peterson et al., 2012; Chan et al., 2015) . Questions based on the SFAQ were used in one Australian study (Thompson and Lee, 2011a, b) and one Finnish study (Virtala et al., 2011) . All other studies used study-specific questions or interview schedules, or questions included in broader national population surveys. 
Continued
Samples and comparison groups
The study populations varied: 24 studies recruited communitydwelling adults (self-selected, purposive sampling or randomly selected); 16 studies recruited students (primary, secondary or university students); one longitudinal study recruited primary school students aged 8 years with follow-up data collected many years later in the community; two recruited in clinical settings (community service and primary health care); and one study recruited parents attending a play centre with their children. Most studies recruited participants in the reproductive age range (18-50 years). The research questions of the reviewed studies generally aimed to elicit the views of specific groups of men and some did not have comparison groups. However, many studies included both women and men and compared men's knowledge, attitudes or behaviour to women's (Langdridge et al., 2005; Lampic et al., 2006; Skoog Svanberg et al., 2006; Sydsjö et al., 2006; Trent et al., 2006; Virtala et al., 2006; Koropeckyj-Cox and Pendell, 2007; Plotnick, 2007; Tough et al., 2007; Quach and Librach, 2008; Jokela and Keltikangas-Jarvinen, 2009; Liefbroer, 2009; Rovei et al., 2010; Hashiloni-Dolev et al., 2011; Iacovou and Taveres, 2011; Koert, 2012, 2015; Ekelin et al., 2012; Kaufman and Bernhardt, 2012; Peterson et al., 2012; Polis and Zabin, 2012; Bunting et al., 2013; Hammarberg et al., 2013; Nouri et al., 2014; Schytt et al., 2014; Maeda et al., 2015; Questionnaire completed online or in hard-copy Study-specific questions assessing parental status, desire for parenthood and fertility awareness (based on SFAQ, Lampic et al., 2006) , *, # and ‡ indicate that data were generated from the same study. ACASI, audio computer-assisted self-interviewing; CATI, computer-assisted telephone interview; CFKS, Cardiff Fertility attitudes between people in different countries (Puur et al., 2008; Bunting et al., 2013; Chan et al., 2015) .
Methods of recruitment
Quantitative studies had widely varying recruitment methods, from randomly selected population samples (Holden et al., 2005; Langdridge et al., 2005; Trent et al., 2006; Virtala et al., 2006 Virtala et al., , 2011 Koropeckyj-Cox and Pendell, 2007; Tough et al., 2007; Puur et al., 2008; Anderson et al., 2009; Jokela and Keltikangas-Jarvinen, 2009; Liefbroer, 2009; Jamieson et al., 2010; Iacovou and Taveres, 2011; Roberts et al., 2011; Kaufman and Bernhardt, 2012; Polis and Zabin, 2012; Hammarberg et al., 2013; Kessler et al., 2013; Louis et al., 2013; Schytt et al., 2014; Nilsen et al., 2015) to self-selected convenience samples from single institutions (Sydsjö et al., 2006; Thompson and Lee, 2011a, b; Chan et al., 2015; Morita et al., 2016) . The population-based surveys that collected data via telephone interview used either random-digit dialing or random selection of households from electronic telephone directories to recruit participants. National population surveys, including those where only sub-samples had data related to fertility, were generally face-to-face interviews or mailed surveys where population databases, for example, municipal population registers Liefbroer (2009) , were used to select potential participants. Several studies used online recruitment where members of social research panels were invited to participate , 2015 Bunting et al., 2013) .
Recruitment for the four qualitative studies (Singleton, 2005; Deslauriers, 2011; Thompson et al., 2013; Sylvest et al., 2014) used purposive and 'snowball' sampling to obtain data from men (and women) with specific characteristics; for example, young fathers (Deslauriers, 2011) .
Recruitment and response rates
Apart from the intervention study which included 48 men at baseline and 29 men at follow-up, the quantitative studies included between 108 and 7435 men; 10 had >1000 participants. The qualitative studies had between 9 and 16 participants.
Most of the studies employing online recruitment and data collection were not able to report a response rate as the denominator was unknown, for example, if individuals were responding to advertisements (Bunting et al., 2013) or invitations were sent via bulk email and the number of people who received or opened the invitation was unknown (Chan et al., 2015) . In several studies , 2015 Bunting et al., 2013; Maeda et al., 2015) , survey companies were used to recruit study participants from their pool of people who had consented to be approached about research participation. It is possible that denominators were known by the survey companies but response rates were not reported in the article.
Where response rate was reported, it ranged between 13 and 94%. Population-based studies that used random digit dialling or mailed invitations to recruit participants (Langdridge et al., 2005; Polis and Zabin, 2012; Hammarberg et al., 2013) tended to have lower response rates than studies where particular groups were targeted, presumably due to the known difficulties in attracting people interested in participating in research when using a 'cold-call' technique.
Most studies (22 of 29) that recruited both men and women reported lower response rates for men than for women (the proportions of male participants ranged between 11% (Bunting et al., 2013) and 59% (Maeda et al., 2015 , 'triers' group)).
Study findings
The characteristics of participants and the main findings of the reviewed studies are summarized in Table II . It should be noted that only findings relating to male participants are included in the table. Also, as it is not possible to know the extent to which the social and cultural contexts of the countries where the studies were conducted influenced the findings, this was not included. Summaries of the findings, listed by knowledge, attitudes and behaviours, are also shown in Supplementary Tables 1-3.
Men's knowledge about fertility
Men's fertility-related knowledge was assessed in several ways and a summary of the findings is shown in Supplementary Table 1 . Studies where knowledge scores were generated found that men were less knowledgeable than women (Sydsjö et al., 2006; Bunting et al., 2013; Koert, 2013, 2015; Maeda et al., 2015) ; men who were actively trying to conceive with their partner had higher knowledge scores than men who were not (Maeda et al., 2015) ; and, in the only intervention study, men's knowledge scores improved immediately after an online educational intervention but reverted to preintervention levels 6 months later (Daniluk and Koert, 2015) . Among students, being male, younger and not having visited a Youth Clinic (Sydsjö et al., 2006) and being from a low socio-economic status (SES) background (Quach and Librach, 2008) were associated with lower knowledge scores. Daniluk and Koert (2013) found that although most men believed that they had some knowledge or were 'fairly knowledgeable' about fertility, more than half only answered 20% of knowledge questions correctly.
Many studies included questions about female age-related fertility decline. While there was an overall understanding that age affects female fertility, between one-and two-thirds of men believed that this starts after 35 years of age (Rovei et al., 2010; Peterson et al., 2012; Hammarberg et al., 2013) and that there is a marked decline only after 40 Skoog Svanberg et al., 2006; Chan et al., 2015; Meissner et al., 2016) or 45 years (Rovei et al., 2010; Virtala et al., 2011; Peterson et al., 2012) . Compared with women, men believed that female fertility declines at a later age (Ekelin et al., 2012; Hammarberg et al., 2013) and medical students were more aware than non-medical students about the effect of age on female fertility (Nouri et al., 2014) . One study identified that less than half of the men were aware that increasing maternal age increases the risks of stillbirth, caesarean section and multiple and premature birth (Tough et al., 2007) . Only one study assessed knowledge about age when male fertility declines and found that almost two-thirds of men were unaware that this occurs after age 45 years (Hammarberg et al., 2013) .
Some studies assessed awareness about factors other than age that affect fertility. Men in Australia were less likely than women to believe that male fertility is affected by obesity and smoking (Hammarberg et al., 2013) . Around half of the young men in a study conducted in Sweden (Sydsjö et al., 2006) were aware when in the menstrual cycle ovulation occurs but among men aged 18-29 years in the USA, only about one quarter knew that women are more fertile Polis and Zabin (2012) Response rate 20% Men n = 920 (54% of all participants) Women n = 779 Participants represented diverse racial backgrounds, approximately half had some college education, were working and had private health insurance. 13% of men had children Men more likely than women to believe that they would be pleased if they discovered that they were involved in a pregnancy (46 versus 27%) 79% had received sex education but only 27% aware that women are more fertile during some days in the menstrual cycle and 9% that the chance of pregnancy after one act of sex without contraception is <10% 13% of men believed that they were very likely to be infertile College education, having received sex education and not being in a current relationship decreased odds of perceived infertility Perceived infertility was associated with believing being likely to have sex without using contraception in the next 3 months Attitudes 32 Puur et al. (2008) Response rate not reported n = 7435
Men with egalitarian gender role attitudes had higher fertility aspirations than men with traditional gender role attitudes Attitudes 33 Quach and Librach (2008) 18/103 (17%) of approached schools participated
Response rate varied between schools from 34 to 100% (mean 76%) Men n = 395 (51% of all participants) Women n = 377 For all participant mean age = 17.5 years, representing diverse ethnic backgrounds 77% of men were familiar with the term 'infertility' Most unaware that chlamydia or gonorrhoea can cause infertility 67% felt that protecting fertility was important 59% would be upset if they found out that they were infertile 58% wanted more information about how to protect fertility A higher proportion of students from low SES schools gave incorrect answers to knowledge-related questions (2005) Response rate not reported n = 14 11/14 were fathers, 10/14 in professional occupations, and 13/14 in a heterosexual partnered relationship
All reported desire to have children long before becoming fathers Men perceived themselves to be active participants in fertility decision-making Relationship stability, affordability, a desire to be a father and feeling that the appropriate age had been reached were important factors in deciding to have a child
Response rate 58% for men and 71% for women Men n = 116 (45% of all participants) Women n = 141 Male mean age 29 years, 76% were in a stable relationship, 22% had ≥1 child Of childless men 90% wanted children, 77% wanted ≥2 children 48% wanted first child at age 30-34 and 34% wanted last child at age 35-39 years Compared with women, men perceived fewer problems related to balancing work and family life The three most important criteria for deciding to have children were a stable relationship, able to share the responsibility with a partner and feeling sufficiently mature Men were less likely than women to consider access to childcare and having children before being too old as important criteria for deciding to have children 40% believed that women's fertility decreases markedly only after age 40 years and 49% overestimated the chance of ART success Attitudes 39 Sydsjö et al. (2006) Response rate 98% Men n = 83 (40% of all participants) Women n = 123
Males had a mean of 22.6/54 on the knowledge score Being younger, male and not having visited a Youth Clinic were associated with lower knowledge scores 47% were aware of when in the menstrual cycle ovulation occurs For all students (data not disaggregated) the most commonly used sources of information about reproduction were school, friends and TV 57.5% of all students stated they had not received enough information on reproductive matters Continued during particular days in the menstrual cycle (Polis and Zabin, 2012) . Among high school students in Canada (Quach and Librach, 2008) , most were unaware that sexually transmitted infections can cause fertility problems whereas among young African-American adolescents (Trent et al., 2006) Response rate not reported Men n = 382 Same as Thompson and Lee (2011a) The mean desired aged for first child and last child was 28.8 and 34.6 years, respectively A stable relationship, a partner with whom to share the responsibility, personal maturity and completed studies were the most important prerequisites for parenthood Response rate 84% Men n = 500 (33% of all participants) Women n = 1006 86% of men planned to have children The most important factors influencing decisions about timing of childbearing were financial security partner's desire for children, and partner's suitability to parent 79% considered that having the first child before age 35 the ideal Over 70% recognized the relationship between maternal age and conception difficulties Less than half knew that advanced maternal age increases risk of stillbirth, caesarean delivery, multiple and preterm delivery Response rate 77% Men n = 136 (45% of all participants) Women n = 166 84% stated having children was somewhat or very important 78% knew that STIs can cause fertility problems 85% believed that 20-29 years is a good age for a woman to have her first child Male mean age = 14.7 years, 48% sexually active, 5% had history of STI and 4% had fathered a child 46 Virtala et al. (2006) Response rate 49% for men and 74% for women Men: n = 1132 (36% of all participants) Women: n = 2021 6.8% of men had children 12.6% did not want children, 4% wanted one, 51% wanted two and 33% wanted three or more children Parenthood did not correlate negatively with satisfaction with financial situation or completed studies Attitudes 40.6% co-habiting 47 Virtala et al. (2011) Knowledge Attitudes
Response rate 42% for men and 59% for women Men n = 1864 (37% of all participants) Women n = 3222 61% were in a stable sexual relationship 8% had children 94% wanted at least one child For 42%, the desired age at birth of first chid was 25-29 years and for 47% this was 30-34 years Male students less aware than female students of the impact of age on female fertility 54% believed that there is a marked decline in female fertility only after age 45 years
Male mean age 24.7 years, 39.6% co-habitinĝ , *, # and ‡ indicate papers from the same study. STI, sexually transmitted infection. a Response rates are unknown. men attending a primary care clinic in the USA (Gerhard et al., 2014) and high school students in Canada (Quach and Librach, 2008) over half were familiar with the term infertility. In a nationally representative sample of men aged 18-29 years in the USA, 13% believed that they were likely to be infertile. Men who believed that they might be infertile were more likely than those who did not to state that they expected to have unprotected sex in the next 3 months (Polis and Zabin, 2012) .
When asked about likelihood of spontaneous conception most men overestimated the chance for all ages (Hashiloni-Dolev et al., 2011; Peterson et al., 2012) ; almost half overestimated the monthly chance for a fertile couple (Rovei et al., 2010) ; and fewer than one in ten knew that the chance of pregnancy after one act of intercourse is lower than 10% (Polis and Zabin, 2012) .
Universally studies concluded that men commonly overestimate the chance of success with ART Skoog Svanberg et al., 2006; Rovei et al., 2010; Peterson et al., 2012; Sylvest et al., 2014; Chan et al., 2015) . Students in Israel (Hashiloni-Dolev et al., 2011) grossly overestimated the chance of a live birth following ART for women aged 40 years and older, and men in Canada (Daniluk and Koert, 2013) presumed that before menopause, ART can help most women have a baby using their own eggs.
Findings from two studies suggest that young people have unmet educational needs relating to fertility protection. More than half of the adolescents studied in Canada wanted more information about how to protect fertility (Quach and Librach, 2008) and more than half of the adolescents studied in Sweden stated that they had not received enough information about reproductive matters (Sydsjö et al., 2006) . Two studies asked participants for their preferred sources of fertility-related information. Reproductive aged men in Australia were most likely to use the internet if they needed information about fertility and less likely than women to say that they would approach a health professional for such information (Hammarberg et al., 2013) . The most commonly used sources of information among adolescents and young adults in Sweden were school, friends and TV (Sydsjö et al., 2006 ).
Men's attitudes towards fertility and childbearing
Findings about men's attitudes towards fertility are summarized in Supplementary Table 2 . In studies that included questions about perceptions of the importance of parenthood most men stated that having children was important (Trent et al., 2006) ; they would be upset if they were infertile (Quach and Librach, 2008) and disappointed if they did not have children ; and that marriage and having children are important for life fulfilment and contentment (Thompson et al., 2013) . Among men in the USA one study reported a mean rating for the importance of parenthood of 8.5/10 (Peterson et al., 2012) and another that men were more likely than women to agree that it is better to have children than to remain childless and less likely to agree that life can be fulfilling without children (Koropeckyj-Cox and Pendell, 2007) . A third study found that men were more likely than women to believe that they would be pleased if they were involved in a pregnancy (Polis and Zabin, 2012) . Between-group comparisons revealed that male university students in Hong Kong rated parenthood as less important than their counterparts in Sweden and the USA (Chan et al., 2015) ; for men in Sweden having children was less important than for women (Ekelin et al., 2012) ; and among men in the USA, non-Caucasians were more likely than Caucasians to consider infertility a serious condition and believe that it decreases a man's quality of life (Gerhard et al., 2014) .
Many studies gauged men's desire for parenthood, their reasons for wanting and not wanting children, the number of children they would like to have and the ideal and expected ages at which to become a parent. Across all studies, men almost universally expressed a desire for parenthood. Rates of desire for parenthood of 90% or more were reported in several studies Skoog Svanberg et al., 2006; Rovei et al., 2010; Thompson and Lee, 2011a; Virtala et al., 2011; Ekelin et al., 2012; Peterson et al., 2012) and others reported rates between 75 and 89% (Virtala et al., 2006; Tough et al., 2007; Roberts et al., 2011; Nouri et al., 2014; Sylvest et al., 2014) . One population-based study conducted in the USA (Kessler et al., 2013) found that most childless men of all ages wanted children someday, including 50% of those aged 40 years. A study of very young fathers in Canada (Deslauriers, 2011) concluded they had had a degree of desire for parenthood and that it was not just an accident that they had become fathers.
Stated reasons for parenthood were to experience the parentchild bond, share knowledge and give love and affection (Thompson and Lee, 2011a) , to have a genetic link to the child and because it is central to masculinity (Sylvest et al., 2014) , and that parenthood was expected to be 'fun' (Langdridge et al., 2005) .
As with desire for parenthood, there was broad concurrence between studies about the number of children men wanted. Most men wanted at least two children Skoog Svanberg et al., 2006; Virtala et al., 2006; Peterson et al., 2012; Schytt et al., 2014; Sylvest et al., 2014; Meissner et al., 2016; Morita et al., 2016) and the average number of children men hoped to have was similar to the number women wanted . Two studies evaluated changes in the expected number of children and found that this was more likely to be revised down than up over time (Liefbroer, 2009; Iacovou and Taveres, 2011) . A multinational study concluded that men with egalitarian gender role attitudes had higher fertility aspirations than men with traditional gender role attitudes (Puur et al., 2008) .
Men's perceptions of the ideal age to become a parent were explored in some studies. Having a first child at or before 30 years of age was the reported ideal in some studies Thompson and Lee, 2011b; Ekelin et al., 2012; Meissner et al., 2016) but in others this was after 30 (Rovei et al., 2010) , before 34 (Peterson et al., 2012) or before 35 years (Tough et al., 2007) . Among male university students in Sweden 45% wanted their first child between ages 30 and 34 and 34% their last child between 35 and 39 years (Skoog Svanberg et al., 2006) . University students in Finland were split between preferring the first child between ages 25 and 29 years (42%) and 30 and 34 years (47%) (Virtala et al., 2011) . Most young African-American men believed that the ideal age for a woman to have her first child is between 20 and 29 years (Trent et al., 2006) . Compared with women, men's preferred age for parenthood was about 1 year later (Plotnick, 2007 , Ekelin et al., 2012 . In their study of childless men, reported the average ideal and expected ages for parenthood to be 29.5 and 36.8 years, respectively. The men in this study believed that it is acceptable to father a child up until age 47 years (mean) but that infertility clinics should provide services to men up to age 50.8 years (mean) .
Preconditions or ideal circumstances for parenthood were also investigated. The intention to become a parent and the timing of this were contingent on being in a stable relationship (Singleton, 2005; Skoog Svanberg et al., 2006; Thompson and Lee, 2011b; Meissner et al., 2016) with a suitable partner with whom to share the responsibility (Skoog Tough et al., 2007; Roberts et al., 2011; Thompson and Lee, 2011b) ; having completed education (Thompson and Lee, 2011b; Thompson et al., 2013) ; having a permanent employment position (Thompson et al., 2013; Chan et al., 2015; Meissner et al., 2016) ; being financially secure and able to afford to have a child (Singleton, 2005; Tough et al., 2007; Roberts et al., 2011; Meissner et al., 2016) ; and being the right age and feeling mature enough (Singleton, 2005; Skoog Svanberg et al., 2006; Thompson and Lee, 2011b; Thompson et al., 2013) . Compared with women, more men stated that having a permanent position and having advanced in one's profession were preconditions for parenthood (Chan et al., 2015) whereas access to childcare Skoog Svanberg et al., 2006; Meissner et al., 2016) and having children before being too old (Skoog Svanberg et al., 2006) were less important criteria for men. Older men (35-45 years) were less likely than younger men (20-24 years) to state that financial security and partner's interest in having children were influential factors and more likely to state that their own 'biological clock' influenced their childbearing intentions (Roberts et al., 2011) . Men were more likely to intend to have children if their partner's job enabled parental leave or part-time work (Kaufman and Bernhardt, 2012) .
The presumed impact of parenthood and beliefs about the role of a father were canvassed in some studies. Compared with women, men perceived fewer problems relating to balancing work and family life (Skoog Svanberg et al., 2006) , were less concerned about combining work and children and were less likely to believe that parenthood would affect their status in the labour market . Furthermore, fathers rated the physical and mental cost of caring for children lower than women (Morita et al., 2016) . Regarding the role of a father, men remained anxious about their role of provider (Jamieson et al., 2010) and were concerned about the difficulties involved in fulfilling the 'ideal' fatherhood role (Thompson and Lee, 2011a) . Young men valued both the traditional 'breadwinner' role and close, involved fatherhood and generally failed to address the difficulties inherent in combining the two (Thompson et al., 2013) .
In relation to ART, men had less negative beliefs than women (Bunting et al., 2013) . In spite of this, they were less likely than women to state that they would consider using ART if they and their partner were unable to conceive Ekelin et al., 2012) . Among men attending a primary care clinic in the USA a desire for more children, not being married, and awareness of and concerns about infertility predicted desire for ART if they experienced fertility difficulties (Gerhard et al., 2014) . Medical students were more likely than non-medical students to state that they would use ART if they were infertile (Nouri et al., 2014) .
To be or not to be a father: men's childbearing behaviours A summary of the findings about men's fertility behaviours is shown in Supplementary Table 3. Many studies only included childless men but of those that involved participants from the general population, some investigated factors associated with being or not being a parent. Longitudinal studies revealed fertility outcomes over time. A study of people who were childless in 1999 found that men who were in wellpaid jobs in 2003 were more likely than those who were not to have fathered a child and that men who in 1999 stated that they intended to have children within 5 years were eight times more likely to have a child in 2003 than those who did not (Kaufman and Bernhardt, 2012) . Another reported that adolescents with high leadership personality, as assessed by a standardized measure (Wolf et al., 1982) , were more likely than those with low leadership personality to have children at age 39 years (Jokela and Keltikangas-Jarvinen, 2009 ). In a study where children were recruited and followed over time, early fatherhood (<25 years) was only associated with being younger at initiation of an intimate relationship (Kokko et al., 2009) . This study also found that childlessness at age 42 years was associated with an unstable career line and that late fatherhood (≥30 years) was associated with a stable career line (Kokko et al., 2009) . Among men who were childless at 22 years old and followed up 10 years later, having a university educated mother and not having left the parental home at 22 years predicted childlessness at age 32 years (Nilsen et al., 2015) . Not enjoying or not linking children to life satisfaction and not wanting or not perceiving children as important in life at 22 years old were also associated with childlessness at age 32 years (Nilsen et al., 2015) . In a study where men were followed from age 26 to 44 years, 37% had a smaller family than they had intended 18 years earlier and the mean difference between the intended number of children at age 26 (2.3) and actual family size at age 44 years (1.81) was 0.5 (Liefbroer, 2009) .
Some cross-sectional studies explored men's fertility decisionmaking and outcomes. The most commonly stated reasons for being childless at ages 36 and 40 among men in Sweden were the lack of a partner (56%), no desire for children (44%) and not being mature enough (35%) (Schytt et al., 2014) . Among childless men aged 40 years in the USA, 50% stated that they desired children. However, based on population data, it was estimated that <10% of these men would have a child by 45 years of age (Kessler et al., 2013) . In a national survey of men in Australia aged 40 years and older, 88% had become fathers and 7.7% had chosen not to have children. About one-third of men without children in this study still wanted or had once wished to be fathers (Holden et al., 2005) . Another national survey of men in Scotland reported that more than one in four of those aged 30-49 years had not fathered a child and the authors concluded that men reduce fertility by being a drag on the process of forming partnerships and parenting with women (Jamieson et al., 2010) . In a qualitative study of men in Australia who were fathers, all stated that they had wanted children long before they had them and that they perceived themselves as active participants in fertility decision-making (Singleton, 2005) .
The few studies that included questions about infertility and the use of infertility services reported that 7.5% of men in the USA had used an infertility service and service use was associated with older age, being married and a higher level of education (Anderson et al., 2009) ; about one in five of those who had used a fertility service reported male factor infertility (Anderson et al., 2009 ); 9% of men aged over 40 years in Australia had undergone infertility testing and 7.6% had tried unsuccessfully to conceive (Holden et al., 2005) ; and 12% of men in the USA were in an infertile relationship based on reporting a time to pregnancy of >12 months (Louis et al., 2013) . This study concluded that estimates of prevalence of infertility based on male reporting are consistent with estimates from female reporting (Louis et al., 2013) .
Discussion
Although the reviewed studies varied in terms of the methods used; research design; inclusion and exclusion criteria; recruitment strategies; adequacy of sample size; comparison groups; recruitment and retention rates and data collection tools, their findings are generally consistent. In broad terms, they indicate that men almost universally aspire to become fathers; want at least two children; view parenthood as fundamental to lifetime contentment and fulfilment; have limited knowledge about the impact of age and other potentially modifiable factors on fertility; and have unrealistic expectations of the chance of conceiving spontaneously and with ART. Perceived preconditions for parenthood include being in a stable and loving relationship with a partner who desires children and is 'suitable' as a coparent; having completed education and having a permanent job and a dependable income; being old enough; and feeling mature enough.
Methodological strengths and limitations
Some studies had methodological limitations including opportunistic sampling with unknown recruitment and response rates, uncertainty about whether participants were representative of the populations of interest, or very narrowly defined populations limiting the generalizability of the findings and making comparison between studies difficult. Online recruitment to studies is becoming increasingly common, presumably because it is efficient and cheap. A drawback of this method of recruitment is that, in most cases, response rates cannot be known. Overall, where they were reported, response rates were relatively low. Furthermore, in studies where both women and men participated, men's response rate was lower than women's in almost all cases. This phenomenon was explored by Slauson-Blevins and Johnson (2016) who concluded that while a small proportion of men's non-participation in fertility-related research can be explained by women's 'gate keeping' (denying researchers access to partners), for the most part it is due to men's own non-response. This study also found support for the notion that men commonly view reproduction as women's domain.
Several studies included questions relating to knowledge and beliefs about the chance of having a child with ART. These were somewhat difficult to interpret because they did not specify if this was after one or several attempts, or if it was the average chance for all women or for women in a specific age group. Since the chance of conceiving with ART is highly dependent on the age of the woman at the time of oocyte retrieval, future studies would benefit from asking more unambiguous questions to assess men's understanding of what is possible with ART.
Men's knowledge about fertility is limited
Inadequate knowledge about age and other factors that influence fertility and reproductive outcomes was observed in all studies where this was assessed. This lack of knowledge, coupled with overly optimistic beliefs in the ability of ART to overcome age-related infertility, puts men (and women) at risk of involuntary childlessness or having fewer children than they had planned to have. From their simulation model of fertility, Habbema et al. (2015) concluded that to have a 90% chance of realizing a one-, two-, or three-child family, couples for whom IVF is an acceptable option should start trying to conceive when the female partner is 35, 32 and 28 years of age or younger, respectively. Without IVF, couples should start no later than age 32 years for a one-, at 27 years for a two-and at 23 years for a three-child family. Considering that most men want at least two children and that the average age of women having their first child in most high-income countries is around 30 years, some will inevitably have unfulfilled parenthood aspirations (Eurostat, 2015; Australian Institute of Health and Welfare, 2016) .
While the effects of older paternal age are less dramatic than the effects of older female age, there is growing evidence that older paternal age adversely affects fertility and reproductive outcomes (Schmidt et al., 2012) . It was noticeable that only one study assessed men's awareness of the impact of male age on fertility and none assessed knowledge about the impact of male age on other reproductive outcomes.
Most men want children when the circumstances are right
The preconditions for parenthood identified in the reviewed studies suggest that the gap between ideal biological and ideal social age for having children is widening. Realizing the circumstances perceived to be essential for parenthood narrows the time frame in which this life goal can be achieved and this increases the risk of involuntary childlessness or having fewer children than planned. For older men, the importance of financial security in this context appears to lessen while concern about their own 'biological clock' becomes an increasingly important factor influencing childbearing intentions. Presumably, this is because older men have had more time to become financially secure and know that the time available for family formation is limited.
Studies that explored the influence of social circumstances on childbearing decision-making show that men are less concerned than women about the impact of having children on their professional life; less likely to worry about having access to childcare; and more likely to intend to have children if their partner's job enables parental leave or part-time work. Furthermore, they are more likely than women to perceive that having a permanent position and having advanced in one's profession are preconditions for parenthood. These findings indicate that among men, traditional gender role attitudes where men are 'breadwinners' and women take primary responsibility for childrearing are prevalent. In this context, the finding that men with more egalitarian gender role attitudes aspire to have more children than men with traditional gender role attitudes is noteworthy (Puur et al., 2008) . The work by Thompson et al. indicates that gender role attitudes might be shifting as the young men they studied aspired to be involved fathers (Thompson et al., 2013) , but were concerned about being able to fulfil this 'ideal' fatherhood role (Thompson and Lee, 2011a) . It should be noted that although all studies were conducted in high-income countries, between-country social and cultural differences may have influenced the findings relating to attitudes.
Factors influencing men's childbearing decisions and outcomes
Studies that explored reasons for having or not having children among adult men provide insight into factors that influence childbearing decisions and outcomes. Not having a partner has been identified as the most common reason why women remain childless and why they freeze oocytes to avoid age-related infertility (Holton et al., 2011; Pritchard et al., 2017) . While not having a partner was also the most commonly reported reason for not having children among men aged >35 years in Sweden, not feeling mature enough, not desiring children and wanting to do other things before having children were other stated reasons for not having children. Taken together, these findings lend support to Jamieson's et al. (2010) conclusion that men reduce fertility by delaying forming partnerships and parenting with women.
It was evident that a proportion of men were involuntarily childless as a result of infertility. Studies reported that 12% of men had experienced fertility problems (Louis et al., 2013) ; 7.6% had tried but been unable to have children (Holden et al., 2005) ; and that 7.5% had used fertility services (Anderson et al., 2009) . These figures broadly reflect infertility and service use prevalence figures in other studies (Boivin et al., 2007) .
The findings that an unstable career line was associated with childlessness at age 42 years and that men in well-paid jobs were more likely than men in less well-paid jobs to have children support the notion that financial security plays an important role in parenthood decisions. Adding to this is the evidence that women are more likely to intend to have a child if their partner's job pays well (Kaufman and Bernhardt, 2012) .
Implications of findings
The findings relating to knowledge about factors that affect fertility, and parental age in particular, confirm the need for fertility health promotion strategies, education about fertility protection and discussing reproductive life planning in education and primary health care settings (Mazza et al., 2012 , Lucke, 2015 . Since the factors that influence fertility also affect pregnancy health and the health of the baby at birth and into adulthood (Lane et al., 2014) , increased awareness of their effects on reproductive outcomes and the benefits of optimizing health before conception are essential for public health. Considering the accumulating evidence about the adverse effects on fertility and reproductive outcomes of older male age, obesity and smoking (Lane et al., 2014; Lawson and Fletcher, 2014) strategies to reach men with information that might increase their chance of achieving their reproductive goals are needed. While education and primary health care professionals may be in ideal positions to deliver fertility and preconception health information (Mazza and Chapman, 2010; Hammarberg et al., 2016a; Heywood et al., 2016) lack of time, knowledge and resources have been identified as barriers for addressing fertility and preconception health in primary care (Mazza et al., 2013; Hammarberg et al., 2016b) . To allow education and primary health professionals to add fertility protection and preconception health to their repertoire of health promotion messages, they need additional information and resources. Public health initiatives to meet this demand are emerging. For example, an Australian governmentfunded fertility health promotion programme (Your Fertility) was established in 2011 to increase awareness in the community about the potentially modifiable factors that affect fertility and reproductive outcomes, and to assist health and education professionals in promoting reproductive life planning and knowledge about the limitations of fertility. The programme's website (www.yourfertility.org.au) includes downloadable fact sheets and other resources, videos with experts discussing how fertility and preconception health messages can be integrated into primary care, and teaching materials.
To counter the social barriers for childbearing, social and workplace policies that enable people to have children when they are younger and healthier are needed. These should allow people to combine paid work with parenthood responsibilities and include the legal right for women and men to access flexible hours and part-time work, have paid and unpaid parental leave entitlements as well as affordable housing and childcare.
Lastly, based on the finding that childless men who reported intending to have children were eight times more likely to have a child 4 years later than those who did not (Kaufman and Bernhardt, 2012) , we argue that those in heterosexual relationships who want children should discuss their fertility aspirations with each other early in the relationship. This might avoid the disappointment of investing the most fertile years in a relationship where one partner avoids committing to parenthood.
Future research
From this review, three priority areas for future research were identified. Considering the overall poor understanding of potentially modifiable factors that affect fertility and reproductive outcomes, research should focus on developing and evaluating interventions to improve men's knowledge about the factors that affect female and male fertility, the importance of preconception health and the role and limitations of ART. Studies investigating the personal, social and workplace factors that may act as barriers or enablers for men's childbearing intentions and outcomes are needed to guide social policies. Finally, studies exploring the influence of gender role attitudes on men's parenthood aspirations and the realization of these can inform comprehensive theoretical explanations of fertility decision-making which include men's perspectives.
Conclusion
This review shows that men aspire to parenthood as much as women do but have limited knowledge about the factors that influence fertility. The gap between ideal biological and ideal social age for having children appears to be widening, narrowing the time frame in which parenthood can be achieved. The findings can inform government policies and health promotion and public education strategies aimed at supporting childbearing during the most fertile years, improving reproductive outcomes, reducing the personal and societal cost of ART use, and allowing people to fulfil their parenthood goals.
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